In a lawn on sandy soil many clover patches were found, in the centres of which the clover was dead or growing poorly. A similar patch was found in another lawn. Investigation of the soil and clover roots showed that the phenomenon was probably caused by the clover cyst nematode Heterodera trifolii Goffart. Though it is likely that this damage will also occur in normal pastures, it may not manifest itself in the typical form found in lawns, since clover plants cannot expand as regularly in pastures as in lawns. Where clover is distributed irregularly in the field, a random sampling may give no real information on the clover cyst nematode population.
INTRODUCTION
In a public lawn at Wageningen in the summer of 1963 many patches of white clover were observed in the centre of which the clover had deteriorated or died. As this was thought to be caused by parasites, soil and roots were examined for the possible presence of detrimental organisms. A similar patch in a private lawn was also included.
The public lawn lies on sandy soil and was sown with a grass mixture in the autumn of 1961 or the spring of 1962. Normally it is mown once a week, but less frequently during dry periods. The mown grass is not removed. As no fertilizer is given, grass growth was rather poor. The clover was not sown but had established itself spontaneously and individual plants had grown out to form circular patches the diameter of which in July 1963 varied from 75 to 125 cm. At that time it was very striking that in nearly all cases the clover in the centre of the patches was dying, or had disappeared almost completely. In some patches the grass in the centre was a darker green than that outside the patch, probably as a result of nitrogen from the dying clover.
Each centre was surrounded by a zone of wellgrowing and richly-flowering clover, varying in width from about 15 to 40 cm.
Seven characteristic patches were chosen for investigation. In the centre of patch 1 many dead clover leaves were visible, indicating that the clover had died recently. In the centres of patches 2 and 3 only a few clover plants without dead leaves were left. In patches 4 and 5 more clover was present in the centre, whereas in the centres of patches 6 and 7 the clover had almost completely disappeared. The grass in the centre of patch 2 was noticeably greener than outside the patch.
The appearance of the patch on the private lawn (also on sandy soil) was similar to that of the patches on the public lawn.
METHODS AND RESULTS
As has been stated elsewhere (I, 2) it is likely that parasites are involved in the phenomenon of poor growth of white clover in pastures. It was concluded that the damage was probably caused by a complex of parasites, among which nematodes (clover cyst nematode), fungi (Rhizoctonia, Fusarium) and insects 258 (Collembola) might be important. For this reason special attention was paid to these organisms.
On 25 July 1963 soil samples were taken from the clover patches in the public lawn to investigate the clover cyst nematode. Samples were collected with a borer of 1 cm diam, from the centre, the clover ring and outside of each patch, each sample consisting of about 20 cores. As the soil was hard and stony, sampling depth was limited to 3-4 cm. The patch in the private lawn was sampled in the same way. Cysts were recovered by the Fenwick flotation method (3) . The results are shown in Table 1 .
On 3 Sept. 1963, samples of soil and clover roots (if present) were taken from the public lawn for investigation on free-living nematodes (including root-knot nematodes). From the centre of each patch a rectangular sample 10 X 5 X 5 cm deep was taken. From the clover ring and outside the patch samples were collected, each consisting of 3 circular cores 5 cm in diam and 5 cm deep. The nematodes were recovered as described by Oostenbrink (6) . The minimum, maximum and average values for the different nematodes per 100 cm 3 of fresh soil from the 7 patches are shown in Table 2 .
In the clover roots only Pratylenchus spp., Heteroclera larvae, other Tylenchida and saprophytic nematodes were found. The small quantity of roots from some centres yielded no exact data. On average, however, the numbers of Pratylenchus and Heterodera larvae per 1 g of clover root were higher in the rings than in the centres. The roots of patch 1 were also examined for the presence of fungi, but no Rhizoctonia, Fusarium or other parasitic fungi could be isolated.
On 19 Sept. 1963 the soil of the clover patches in the public lawn was sampled for examination for springtails (Collembola) and mites (Acarina). From each patch one core (5 cm deep, containing 125 cm 3 of soil) was taken from the centre, one from the ring and one outside the patch. The sample from the ring was taken from the place with highest clover density. The animals were recovered from the samples by using the high-gradient cylinder extractor technique (5). The numbers of the most important species are given in Table 3 .
The species included in the groups 'other Collembola' and 'other Mesostigmata' were all determined separately but added together because of their low numbers or unimportance. Table 1 shows that there was remarkable relation between the number of individuals of the clover cyst nematode and the growth of clover. Outside the patches their number was generally low. In the clover rings the population increased noticeably but was still rather low, whereas in the centres of the patches it reached high levels without exception.
DISCUSSION
In a previous paper (2) a pot experiment was described in which damage by the clover cyst nematode was found at a population density of 1000-3000 larvae per 100 cm 3 of fresh soil, which corresponds with 770-2310 larvae per 100 g of soil if the specific gravity of the soil is taken as 1-3. As it is unlikely that at the moment of sampling the densities in the centre of the patches were just at their height, and as the critical value for damage in the field, may lie at a lower level than in pots, because of the generally less favourable growing conditions, it is obvious that the numbers of cyst nematodes in the centres were high enough to be detrimental to clover. It is noteworthy that this holds in both the localities sampled. The number of free-living larvae of the clover cyst nematode (column HI in Table 2 ) was also much lower outside the clover patches, but no difference was found between the clover rings and the centres of the patches.
As to the other organisms investigated, it appears from Tables 2 and 3 that the numbers of free-living nematodes, springtails and mites varied greatly from patch to patch (expressed by the differences between the minimum and maximum values), but that there was no significant difference in numbers of these organisms between the centres, the clover rings and outside the patches. Though most of the free-living nematodes and springtails and some of the mites (Sarcoptiformes and Tarsonemini) may have behaved as plant parasites, it is very unlikely that in the present instance they were responsible for the disappearance of clover from the centres.
The numbers of predacious mites {Mesostig-mata) were determined because they might interfere with the plant parasitic organisms. The Mesostigmata Platyseius sp. and Alliphis siculus which live almost exclusively on nematodes were very low in number. It is not known whether they have a preference for certain species of nematodes. As the saprophagous nematodes were most abundant it is likely that they were the main source of food for these mites.
As no correlations were found between the numbers of different organisms per patch, nor between the outward appearance of the patches (size, clover remaining in the centre, colour of grass) and the number of any organism, only the minimum, maximum and average values for each organism are presented, see Tables  2 and 3 .
As to the possible presence of other detrimental organisms, it has already been noted that no parasitic fungi could be isolated from the roots.
Though non-parasitic factors cannot be excluded deductively as the cause of disappearance of clover from the centres it is not likely that they are important in this case. When mineral deficiencies are involved, in most cases typical symptoms occur in the leaves. No such symptoms were observed, however. By growing clover the amount of N available for grass will generally increase, and this may result in a lower clover content in the sward. In our case grass growth in the centres of the patches was little or no better than outside the patches, indicating that the N effect was small and insufficient to explain the almost complete disappearance of clover from the centres. Excretion by the grass roots of exudates disadvantageous to clover, as supposed by Kooistra (4) , cannot explain the difference in clover growth on the rings and in the centres, because in that case poor growth of clover on the rings also might be expected. An excretion of toxic substances from the clover roots themselves under field conditions, resulting in disappearance of the clover, has never been proved, as far as we know. In pot
